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Hydrodynamic Optical Field lonized (HOFI) plasma waveguides

Boosting energy of LPA electron beams
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Existing optics for elongating focal region

Focusing and elongation in one step

Axioptics: Radially varying focusing forms
elongated focal region
- Axicon [ \ o
- Axilens 21,
- Axiparabola °]
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OAP The focusing optic is a large

ﬂ source of focus jitter

Coupling optic
(i.e. holey mirror)

Optic for
elongated focus
(i.e. axicon)

Widely used for electron acceleration in HOFI waveguides

Electron spectrum from axicon generated waveguide (adapted from [41):
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Electron spectrum from axiparabola generated waveguide (adapted from [6]) :
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Drawbacks:

« Custom fixed optics
- _Relative pointing between beams 1]
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Separating focusing and elongation

Can be performed by two spatially separated optical elements
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| Common focusing optic for channel forming and drive beam can increase stability of guiding
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Propagation effects S0 also

Poster session Wednesday, LASY: LAsers manipulations
How far apart can optics be separated made eaSY, Rob Shalloo

Transverse deformation of the beam due
to aberrations should be small:
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[1] Maxence Thévenet et al., arXiv:2403.12191 [physics.optics]
(2024)
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Fixed phase optic for elongation

Demonstration of an elongated focus using two spatially separated optics

Thin optic, phase deviation of only a few wavelengths
Using a combination of Z; and Z such that ¢ o« r)

Elongation of focus matching with theory
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Implementation into an existing LPA

Demonstration of tunable focus elongation using a deformable mirror prior to compression

Existing deformable mirror for wavefront flattening prior to final compressor
(~34 m before OAP)

- no changes to setup needed

LUX accelerator

Using DM to add Z9, Z7 and Z{ to elongate and flatten intensity distribution

Simulation of beam transport showed no significant changes in phase profile
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Implementation into an existing LPA

Demonstration of tunable focus elongation using a deformable mirror prior to compression
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See also:

Im p I ementation at DESY Mo, PS3: Manuel Kirchen — First electrons at KALDERA
HOFIQMAGMA Tue, PS7: Soeren Jalas — Data Taking at High Repetition Rate

CDR for PETRA IV plasma injector proposes concept for plasma source:
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Proof of principle experiments at few hundred Injecﬁon'??‘:;,}
MeV level channel 7‘;.:.L
Could use phase tailoring for elongating the PETRA 'V‘/ [1]

focal region of the channel forming beam

[1] PIP4 Conceptual Design Report, Alberto de la Ossa
[2] M. Kirchen et al., Phys. Rev. Lett. 126, 174801 (2021)
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Flexible achromatic flying focus generation

Control over the focal region — not only useful for HOFI

[1] Palastro et al.,Phys. Rev. Lett. 124, 134802 (2020)
[2] Caizergues, et al., Nature Photonics, 14 (8), pp.475-479 (2020)
[3] M. V. Ambat, J. L. Shaw, J. J. Pigeon, et al., Opt. Express 31, 31354 (2023)

Flying focus could be used to overcome dephasing in LPA [11[2]

Axiparabola + retardance optic (i.e. echelon)
- ~— Existing concept for exchanging

retardance optic by deformable
mirror + spatial light modulator L3

Could be exchanged by
OAP + Deformable Mirror

— All-adaptive-optic solution possible
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